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A pf«dfe530« $rti&«&$f$. for siagte* wo! Sod oaoonjta is prcss-ited i&ikh report, A oov*! pimSc^&cw 
" thai i>K;cror5;stes &e hyco::<&crt*;iS trcstaseiit alsag with other treatrs»ia« such ^ sxtmmm sf Miztszm m£ 

^ o^ofotioo of metal parties is *a ihis smdy, The ef&eli afeas& tr&ts&j&& too 
proses;* is a^o d&cossed by chmcigfiztag the kisrme&sic products using X~ray Ratms 
spectroscopy , scorjrcog ; eteeoTm miorosoopy, rod traosrrdssiss efetrcm microscopy . 



$mm the discovery of 5 .jagk-wsUsd rotate |S WNTs), 5 ~* 
vark&ss o*cds**& fcr thad syss&s&s aed ptfss&te s&araetefedoo 
have beer* |5*»SHcd*"^ ?araitei ?o &£$c effons, ^yf^iv 
c>ar*s have horodijced $ oew coorcStfi&sc systems to <kfme their 
chirai tayst&jcpaphy, sites; &svo prated sSwsuv >o be 
<>i\&$t$Ci\$imsi zm^zttm or $%&&&is&w:t$s$J*- M - Recency, 
SWNis have besbs $uccs$^&r^y syni^e^^sd srs-jjjrgfc q^arjtstscs 
ysjRg ecmoosite - cartas?; ckstrodeji mixed wkh 

several sis^ib sp^^, protosor^dy vi&ft&fcaft -m^is s^h 
0$ Ni, 5% aod Co, 3 ^** Tbc SWKTs yyoihesssad by dn$ >oe£fc*J 
<:&amt wdh rcetak- ood vadoos f<jjsw$ c?.fer> other such 
m>uf^, jcg^lijfig iri ?. ;^>>no^ or<p*<jkiie^ ^ <i^ikii 
Gh^c^dsa^Qri of &s ^^iotubcs l^kI ^cssmerK of &cst 

^sti^$m aiOiJg ;y;Oi och^r tfcje. «>j^ctim of 

fs3fer«to vxi>hti*n ^o* di$s<5l«Jioi; of psitk&s. As 
a r«ss3^ ai ^asst ^ of SWK^ witij 95 wt *4 purijy ts 
s**.si»£<5 fn>rii I § of raw % >M k$mtfbcm&l treattoeo* 
fft-ydrooj«n«&^y V^jJi^iod d^x^sc • e&fracSba m«diod or 
HiDBX^' M -es' ^Jbved ihss H^Q iTislccuic^ she ^tw&rfi 
Ix^^-ccrs S^/NTs'assd ^or^o^ c-3itx>n sjjd metei partk^ s?>d 

pis-Sikitdun proo-sss. Ths bypf^^ts that ooexisi mih ' 
SWNTx ^ ^ sooi 3jo i^ovfird at $>op of the trfmfic^ors 
pKK^$& In this ropojt. 5h« p^T»atip« p$^o«dur« for $WF?T$ 
&pt<i&mte4 m<i tbe crT^i$ of s&ch Zwtirx&l d>s purmca&jn 
process Lv ^jscsissc^ by oh^^^rj^og the intorrftediaie prrxkcis 
«;vjf5« X-ray xSnVacdo^ (XRD), R^air sp^oseiypy, seaiwimg 
e:sctroa rskresecpy ($HM), a«d tr^asm^ion tkixzm iriwos- 
^py(THM> 

?r«oora^R af SWiMTsu TJ«? m<;ib^ sn^>b^ad to -«yHti&s& 
SWNTis d^ sajriA 5^ that mipioy^ to yyfitH^ko fsir 

* AK^k:> $HiJ5Jis.%s<S to ..<.-5W^v- ACS Mxxzsti, Fthnzny J, 



Xi3jiocapsoi«& :jtii^v*?d vvjdi j^iai srys&&&* ^ ^ h.ci;^o 
graobiis rocs c<j»^i?jjug a isiixtiirft of re ?.od Ms owdcrs 
:>?.m pwjity (W^ Ck^ka^ Os.. Ui,. Jsixo^} used 
^ ^1c; -of -DC-, 'mi. 7h$ jxi&fa§ rsdo of 

•^>d ophite powder ibr «Mcicat. : ppftdSwsifi«s» of SWNTs ws^ 
;o«gh,y I : L3 by wei^?. cojnorn k *h<s ^o^e k 

ipproxi.ri:nejy ^ % A h«k of 3.2 >to oia^jc^r « 50 to 
m 4vo$h was driJkd 00; a gr^^ie rod (^>,:"^^% .^riry, 
cir»i leffsg 6 «:;o diAioe>er} s^<j.^k:i i?vm Toshiba 

:md grspbk powd-rs, A pm* graphrce rod of J 9 10m b 
dism<^r was usod m zt&bMc. The m dhckss^ mxmd 
mt vMzt s >k atrnosphcrs of 3 m Tcrs\ %e discbti 
was 70 A, durrng Jiw fiiicn-o^c, die b^twtcn ibe 

if ib^ ec;jswrted acodo. 

?«rjn<ati^s of vSWffri 7>sc &r^i prodoc<d by DC Sio 
discharge was ;etdeved ft^m &e .ipj^sr of ib^ srr: disc barge 
•chas.«b?ff and .r^mog^^r^l lb> liJX^E .'triattoe^ a^^d as 
d« ijdria; step of b^ pon?ji^U^ri pt\x.e^v f i§§ mg of scot 
cofliamfog SWHTs >vas i^tr^^^d brio a fistic with z zxtim 
siixchsmtit together with 50 i«f r>f jji^jj?«d i?.:<d was 

he^.>j M L>?3 K for 12 k The sc<<t disioiegraieO* » 
sobodcf orvsotid psiticks . Tfrs prcK-c^sd $>w?. was fdJjrrtd and 
dtioil at VB It &r 12 k Then, fu,k^oe. , 5 w«;e wasl^d cot 
osd^ tiducjj^ irt a Soxblci The rssjdoaJ soot was bested 
?43 K for In &e ihm step of the puii^oti^fj pjoe*$5, 

the swn Tti 0 M bydrooh&?ric aciii assd a^msjsf 

the o>eia, eo;.opir.x«s \v<rr« ^v?i$hed oot. 

Evskratl&a &i t%% Feriiis:atl<j« Fracedwre Character- 
baiios <;f lbirin*cl SWNTs, The purifies boo orocadtc?£ of 
SWTjj was probed :&y S^M XRD. t&= {s^ smffi 
^vcfe ixb^iicter^sd by HEM >ojd Rssoaii sexier jog ^sd Iheir 
swiw areas were moasorod by BHT method Tb- irsferyoedrate 
prosit at ; easb pu<yif>at>.oo step disg^rsed to edvoxa, 
mnic^jsd fcr 5 c>da, deposited c« ^ sarnie stage, ^0 
^ a SSM ootfrateri at S keV. XM> patie?ps vxofe taxe« by a 
powder X-ray diflractorneter ^itb fcOs to X-ray ssisrc^ rot 
HIM obssmta, the imspte w&s utoojJical.^ disposed o? 
sth^o? sr^ ^* so^pertsior; rcaa dropped o^tc a- miv? o^rid, toe 
Ra;x>a>'; Scattehrs* frieasur^rocots were esniso oitt as £00») 

^ J 93? Ao-je^c&n Cheodeai Srxriety 
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S'v (Tc$) S£M wx^yxzh asd !>onc;>.u prafite of the 

tercspcjarore using A? l<tfi iszzr am) in a backsca-icririg 

son%^&o& The sor&ee sf S WN?s was ftoro 
*h&. gas ^sor t Uk>n isf^ram ffquitskriurt} propose by 
;l.3ijgttVv«r, The amount of resisM mctzte m tne pysifisd 
S-VWTs also fest^soi'by e&em&al analysis using tJ*e 
indium iy scupkd ptesm sno&od 

&e$o*$$ sssd Siss«5sssssji 

Sn*nftia$k<» &>cudwrs fvr Us the raw 

prodttecri by ^ dssehsTgc, SW&Ts ca^xAstwiih many byprod* 
uc& si&h as snsfei pwick*., foSfereaes, and arnorahois car- 
bon. 5 ^ Th^&fo. SWNTs kv« o> be sqw&ted step by step 
avifee posi &c&$kjw p?oo«sS«s. 

5%aye I shows the SHM phoSo^raph and XR£> profile af the 
raw l&sfe Jhe presses £*^arofivs conditions, the S'WNTi 
are er^aientiy gxow^ ajad coexist with roany bypmlacts as sesn 
jo Figure -J Futtte nsere, the SWNTs and ;neM particles arc 
^o^oonc*£;i by v^ncn ?aateria& -.saefc as &T*orphous esrbcn and 
ihifeucs. XRD pattern in Figore 3h ?ho\.vs &a preface *f 

Figtsrs 2a -?hosvo> a S&M ^Ntc^raph &e m% brnted by 
&e H method. The SWNTs cefUbdy look iKueh mom 
skrnefcr <n ccrn^s^oo to thoss ttbswvwj m Fi^-iss The X&D 
Figure ?.b not show any etogs, sxsspt for -fee 
o s scre^s its $f poalc *f graphic spared 

*> *hn? *f ?h*':eS2 peak m Figiire lb. Tbk mggsste ifcat • 

wcf^ jssr^y ?emovsd as a stisxtlt iSffJhs fcreatoaej^t 




The i'o^i v$e<J in expedj^efiJ^ eontri^^d zixim. 10 wi % 
of Biikrer^, It is wdK*r.o\vTj .(hat ^i^T^s csa -be s^trs^cd 
vvifh 5oiv«as mwh as to^jsrse, ben^r^ y or C3>, ^ has 

bc^n c^rifi^rs^ th^ fyJtencs srs fe<J irom ike svoi 

ti^ests 'awsjj prk>? Jo the extraction by Of pnk soiv%>5. ^ 5 

resmmd tan ihe ;k>t>5, 

Ancr the sbovs treafenenis, tha >^SfWJ >ss k-ft o^y 
Vk-itb 3WN r fs ^ pN^icies ^rapoeci s thick 
P^^- carf»tt kyer. Tfec p^ti^ harely o^&oM i« ^ekl 
iijEre^ th« res^usi soot was baked at 743 X Sfo *if ffef 20 
mis t& remove the ar>japkws esrbos j^iftiok-s suvi gnmhitio 
&> : er ^^b-ii p^tiofe and ?o »^tn dts^oivc easily 

m As a re^h of baJdn^ fc w«>^ht sif tha sooi: deejesaed 
i>v sixM 4C^. Figures 3o f e art; 5i;c ^xpisjy:^ porfio?^ 
ie^ and ngi>i pait oi' Fs^s 3a. fa seen la Figure 3, SW&Ts 
and n>5t5i psiiic Jes fom.'sd bio s«p^i<r ;«^«g:^s ooring ^o 
course b^kfTjg. Ths X?U> proftk of the baked $ml skvmi 
h ¥i%m 4 suggests the me^l psit^ks r.h^^d to &$ir 
OJiides NiO 5tt«J a-^Oj. At the $3»5« fe«> t^n^ning 
atnotphouv os^ixfo b the soot --was bi»neo nut U is hdiev*d 
shai^as aT^ikoft^ksfom aStoy kioin<jui ^sifc 

ihc removal eff amorphous carhop SWN u ajs<i n>eta: 
jsaraeies ats isola^ fro??3 each ^h^r sad ^orai ^asitts 
s^egates. However, t&s inoro^s i« intet^jfy of ihs 
grsphiin peafc at 002 is Wievsd dye m the increase in the mis 
of U^i gr&phitn p&reklas is the saaipfo as the resuife af ihe 



j. F?m ch&n b, mi * % //, im 










s ^ (?0p> SSM j&otegixph <:>? &z ifca* bes:* sy&>> 




. __^«s«tebaitj«g £?&^trr& This 

paskfcrcs & svsrsoroe fcy rsgssatbg &s HIDE fre^ejii md h? 
vrash^g witih t»&e;^ With the fet* trcscroesx ur>bg 6 M 
by&^shferrc sad. awiaJ pwfctes which 'Started' 

km M$$m* wxskti ml 

IfciF&y Separated! SWNTsv Hgajres 5a> show £hai high 
SWKTs ass &p&mdte &$§s ^mmm^, However, if 
ws ah$«$jy$ oss SBM pfesgra*yhs s wsesuhj fmd white 

dots of 20 *ra & ;.4fftrwcsjET^ To investigate this m d$i$\i f 
ihp ms^te mz&im%$ SEM observ&iOiJ was t^&g-ty high 
r^k^js TEM atpsten!^**, Figaro shows the T£M 
pkno^ph of ose oomsm vthnrz xaa&j mzt$\ pmiisks ex$*t 




F^«r« 5. SEM pfarfogrepks «f : ;iw /psnfori $WNTs tirs&s 



a&>ocsg33(Ui&s wrappeoV io gmphiiic sashoo However, 
ahrsost aft &s 8fc*K>c.^:8*4s$-<&$efVe$- if* Figure 6a were «jraoty- 
3tnd ftec ttc^ pastes. $r« ihe iwsi prochse*, ^etai Jfc ?Jby 
paroeks fha* pert sett y cttvwes mm &s $&ph&s l&yttfs 
protected from aissstetjoj* or: aeut 3^ prssmi sss vary smisjj 
qtiLy^tiexs The 2^ ;s?>rf F« fRfita? COsccTifraskyis io the scp&rafcx$ 
SWNTs, ^riToatsc iCP, wtrc 2.3 mil 7,5 m %> 

^^yss^i i$ sboy^ i>5 *i % Tvbik rtoi aaksssg the e?^pty 
<:ap?Jil$§ vv^th ^r^hisic kye.i? i^s-io &*:<;c«ni, i'her$i\>rc, ies obtab 
of ovw 99 tee S WNTs wKre wtivstteti m watsy 
mmi uZTiOCspsuks were frorr: S3Si;j>k 

Ajj sees m THM pMrigr^jih M previous fepost,^ &e 
othsy fto^ wiffros raote^s wsrc <:i5>Tipkte;V rcir.ove^ (mm 
the SWNTs. 'fcr&gf coofmi^ a^^n^ out Kirniao 

ro^pie spjk Haj^i pe^cs erysU^ir>$ gj<ioh^i centered at 
1 5m crrr 5 fc^siise *f &ei:r cyi^rffk^i ^rrvetiy^ Kasiiys «t 
have repotted to the ^oaiterittg wzvmmshzx wa^Jcl dif^t'y 
psovids 'fefesatsoa oo SWfg $uch m 4im^m4 
Ths catimt oetwrak,^ As s^cd i« o«f provisos rc^^^'iS^ 
R^5^ $*m&?m& ft™n the pufifo4 SWm$ ^m mii&piz $®M 
pesk^ J 570 arw 1590 cm" ') ^hkh a?e five im<$ imm mtwv&vti 
&m these of the SWHTs m toe taw soo£ Wiihf^fJ a^y efess^^ 
s?5 i&d? p<?,?ki^i aod mten^ity ? stSos, Froo> ihe .mifl^t of ttexzw 
mmsmg m&$w$nt$n& > ite feifewbg css> he- ssj<5; (sj cmly 
trace- i«««*sfs«s of e^bost jnatcriai o^e? thsjs SWMTz ar» ^rase^t 




is the. arid (b) SWNTs bav$ oo? $u0&$3 

o$%i 

Tho of a £$&ci&s surface ^ eiso elites 

ihs pud& of ssps? s&d SWM Fa, Ths specific wfac* arsas <sf 
pori^oo S"WKTs» of raw --'sskH ccototmog SWNTs. a&tf of 
&lkiooss sooi roads ftom-pasfs, gra^tes wsrc 550, j ;0, 
i .10 oi%, ?«spe<?sv.f%v intone soot* the esr&fc&tsd sra^gs 

was 25 fifts . ^3JSJji«t«y,. However, **hs caicciateo av^ra^c 
disroots; <.>f the wr*£>so: SWNT$< ssssmiiig ■:& dsrisiev of 1.5 
M w ate* Smv T&s v^oe s^ssts 'MiSWHTszrt 
co^ood m hm&lts wsik mzh o^a*k op of a lew SWNTa as 
$e<$$ io &e im$ ptestagsaph of .Figure £k 

i&jfcttst &f Hy#o*&erss$3$ ?r«afau:&* o« Fmtotioo 
of SWIfTs, A pejooo of ¥i<&z$ &v m whkh roooy sxml 
pmkm h r^MM shows & 6b. 1W 
are $*s&y thot hove reserveo! ekooags oo the 

g/aph^k ioyers f&r sas^lsv A in. Figvcrs 6b% Special J>% ih§ 
grapoitk : %sr£ of sssse $o>p^v s o3|5^*ks art: ooryjpkfci-y <Se~ 
»f«jM ifa-&m$k>-B- m ?h?wi *1>), The gra^bitis kyors of 
iw&^raosiales are jsadc y& ^fwjall sforeams of grss&itic sarboo 
$bfts$$ s&wk&d gars2M ^ sii? ^oif^o of the sore mstsl oar^cSos, 
Hts^ ^o g^^b sbots of ^ ;m^^*l«$ # T^' W ®mt : 

Tl^ife, ^ <s b«li$^<3 tJxai ^« of H 2 0 with ifce caite 

> : >'-^ ^* grannie %sjs ilssi ow ro^J . psrtjcks. 

€^<^o>^ bso;pot^g &s HJBB t^amsom s> the p^ifjea- 
$5oi^ psmzdix* asjakes possiok she cs^^s a^a djssc^o^ of 
Sh$ e>^p$iiia?^ sswst&i psiytjs^ ^ }j>>i^h?cnc acid ki ^ fmal 
s^op of ih« trcaiYo^5t 

">>:••■- a^k^kw of kfeg *ocb)«uo^ was oot smzsssM 
m ^ po^feiim of SW>fT$; i& srvm ^Oiigh U« poHtat^R 
of >ii oi 6v> ( a i ?.^oiobsrs is possibis;. esse of t^e bsici^g 

m^htxl sp^phtfs p^Ho:^, oa>oco^psio««, cLJKi diniaipooojs zzsbon 
a^o^ed o« /thft ^WNTs ars set ^mov^ f^tti xho $o*t 
v^o^ % .we bdicv* &&t. <3mn% .th$ HIDE irc^j$iit 6 water 
?ooloc«ies !?r«!^t mfrtiiik. bc?#$m SWKTs mi mm$him 
oari?o« aocJ mml fankki aJso attack 'die graphrtk hysr 



<5JjCoo^i5atmg the ^stai psj^oks. Co«so^^::o^y, A^roost 
graphite oajiopsroc^ zn6 ii^cops^^ are wash**! o^t from 
the so#£. 

rn-flid for Ntvv No. 03MP*B<H 5toj^ o^s M^ssoy 

of Bteaooc, J>c^oe, Qate^ %M Soofk of ^:p^ by hmsk 

Referees a«<i Notes 

(2.) E^ot- D. C^f - dc Yrtcs, H S,;^ 0,; $avs>y r 

^; Vss^a, 1; Buyers, R A'c^v? i^J, - 

*U .Sscse^.. K8is»^ A. - >%&oa, ,y> ^./^ V;W t9$$, $4 % 

XJkcs^ D.j S«ra?hk^ 5.; Wa^g, S *p?t. I^i, J^, <1$^ 

(5) ^s^h^. vj> ^«f«sii >ft i^s Owsrayoy op«f Ptyfsts &}' 

E«ftO«cfe«nK»i $okw<v; ^cyts^g^ KJ, s Vol, U ? J44{1" 
<y> Lj ^> X.; ^V,'^ X, K.; ^jso&, R. r\ 5?.; Kra«rs>^, 5. 

S^st^- rovi^^^ : ??^; V«l, ^ p 

(10) B^sh^ jj. Ki&afi, C H.j ^x^vvi yy . A, Mii Sftiwyi. I 

(5 3) ^^Knene^ 'S,; K^e^, r. V ; ^sAjt 3.; I^wt^ D. C; 
Ni?;jteGf\ 5v Sjectm iMtxta&x k iht Ch&te-uttr? w>ii Physio: vfFutt&m&s 
^ Maitrixh; SC St«>fi R S x 'he Sj««^v 

02> Ki40g f C H>; Q*M®^ W. A., 12; Sov«rs. B^Ji^ § 
Carbon mit Ut 

ft;>}- &>i:o, V ; OsOida > R; ?yjijn«^ N ; Vjx^lbi^ T^rTswawC. M.c 

(U) S»so,V.; Jb^ate, X; ffck M / Phvs, CTv«. ?9 ;S0?S 
(3ol : M^ V; Nishifey^, X, J s »hyx, Cht^ i'Sattet >m. 



J. Phys thorn. & Vol ?0L M>. it 199? 



&i 8 3OT> 



km. 



Ta&i # .''si- 

(£3) 1>nw&^ Ssfta> Y.;-Ji»2fl«^ T.-Jm.J, £&,J%*&< Pars / *m 
(27) T«fe^ H U.: A.; Ssfce, V,j'%w«8,' T; 



